The theory that learners of alphabetic writing systems go through a period during which they treat writing as representing syllables is highly influential, especially as applied to learners of Romance languages. The results of Study 1, a 2-year longitudinal study of 76 Portuguese speakers in Brazil from 4 to 6 years of age, did not support this theory. Although most children produced some spellings of words in which the number of letters matched the number of syllables, few children produced significantly more such spellings than expected on the basis of chance. When such spellings did occur, they appeared to reflect partially successful attempts to represent phonemes rather than attempts to represent syllables. Study 2, with 68 Brazilian 4-and 5-year-olds, found similar results even when children spelled words that contained three or four syllables in which all vowels are letter names-conditions that have been thought to favor syllabic spelling. The influential theory that learners of Romance languages go through a period during which they use writing to represent the level of syllables appears to lack a solid empirical foundation.
Introduction
To use an alphabetic writing system, children must understand that letters stand for phonemes. This insight is not easy to acquire (Byrne, 1998; Foorman et al., 2003) . Before children grasp that Although many researchers and educators endorse the idea of a syllabic stage, doubts have arisen even in some studies of learners of Romance languages. Whereas one study that reported longitudinal data on 17 Italian children, beginning at the age of 4;4 (years;months), supports the idea that children pass through a syllabic stage on the way to alphabetic spelling (Pontecorvo & Zucchermaglio, 1988) , findings from two longitudinal studies with Brazilian children suggest that many children do not do so. In one of these studies (Cardoso-Martins, Corrêa, Lemos, & Napoleão, 2006, Study 1) , 20 Brazilian children were tested five times between approximately four and a half to six and a half years of age. Although 7 children were classified as syllabic spellers at some point during the study, the remaining 13 children did not appear to go through a syllabic stage. In another study (Cardoso-Martins et al., 2006, Study 2) , 124 Brazilian children were tested twice 6 months apart. Only 12 of the children were classified as syllabic spellers at one or both time points. Moreover, children who were not yet spelling alphabetically did not produce significantly longer spellings for words with more syllables than for words with fewer syllables. Such a result would be expected under a weaker version of the syllabic hypothesis according to which children sometimes misidentify the number of syllables in a spoken word or fail to make the number of letters that they use match exactly to it. Although the results of Cardoso- Martins and colleagues (2006) provide little support for the idea of a syllabic stage in the development of spelling, the number of children in their Study 1 was rather small and the tests were far enough apart in their Study 2 that the researchers may have missed a syllabic stage in many children. We rectified these limitations in the current Study 1, which was carried out with young speakers of Brazilian Portuguese. This study allowed us to address our first research question: Do learners of Brazilian Portuguese pass through a stage in the development of spelling during which they consistently produce spellings that have the same number of letters as syllables?
Our second research question was whether misspellings that have the same number of letters as syllables truly result from the idea that writing represents speech at the level of syllables. Many of these spellings could alternatively be explained by suggesting that children attempt to represent the phonemes in words but are not able to represent them all (Cardoso-Martins et al., 2006) . For example, the Spanish-speaking child who wrote hPIOi for perico 'parrot' /pe0|iko/ (Vernon et al., 2004) may have been trying to represent the phonemes in the spoken word but may have managed to isolate and spell only /p/, /i/, and /o/. On this view, it is a coincidence that the number of letters that the child produced matched the number of syllables in the spoken word. Such spellings, which are often called syllabic spellings with phonetization (Martins & Silva, 2006a , 2006b ), might not be good evidence that children hold a syllabic hypothesis. Better evidence comes from what are called syllabic spellings without phonetization-spellings such as hFISi for the Portuguese cavalo 'horse' /ka0valu/ (Martins & Silva, 2001 ) and hAIi for the Spanish néne 'baby' /ne0ne/ (Yaden & Tardibuono, 2004) . A child who consistently produces such spellings, in which the letters are not plausible representations of the phonemes, would appear to be following the procedure described by Ferreiro (1985) of counting the number of syllables in words and writing as many letters as there are syllables. A number of researchers have reported finding many children who write this way. Martins and Silva (2001) , for example, identified 80 Portuguese 5-year-olds who consistently wrote using what appeared to be random letters-as many letters as there were syllables in the corresponding spoken words. Tolchinsky and Teberosky (1998) reported that approximately a quarter of the Spanish and Israeli 5-year-olds in their study produced many spellings of this type. However, Molinari and Ferreiro (2007) did not identify any such children in a group of Argentinean 5-year-olds, and Cardoso- Martins et al., 2006 found very few in their studies in Brazil. As we describe below, these previous studies have some methodological weaknesses. We attempted to overcome these weaknesses in addressing our second research question: Do some learners of Brazilian Portuguese who do not yet use phonetically plausible letters consistently produce spellings of words that contain the same number of letters as syllables?
Our third research question concerns the role that children's knowledge of letter names may play in the production of spellings that are classified as syllabic. In many of the examples that are cited in the literature, including hEIOi for the Spanish perico 'parrot' /pe0|iko/ (Vernon et al., 2004) , children who produce as many letters as syllables may be symbolizing vowel phonemes that are the names of letters with the corresponding letters. Thus, the /e/, /i/, and /o/ phonemes in the Spanish word perico are the Spanish names of the letters e, i, and o, respectively. Many studies confirm that children who know the names of letters often use them as guides to spelling (e.g., Cardoso-Martins & Batista, 2005; Treiman, Tincoff, & Richmond-Welty, 1996) . In Romance languages, many words contain the same number of letter names as syllables, and these letter names are often vowels (see Pollo, Kessler, & Treiman, 2005 , for evidence from Brazilian Portuguese). For example, all of the vowels in the Portuguese word primavera 'spring' /prima0vera/ are letter names-in order, the names of i, a, e, and a. Children who write the letter names they hear will produce spellings that contain the same number of letters as syllables for many words, but these spellings may be a side effect of children's letter name use rather than a result of the belief that writing represents speech at the level of syllables (Cardoso-Martins et al., 2006) . We examined the role of letter names in syllabic spelling in the current Study 2.
In addressing our three research questions, we sought to overcome some methodological and statistical issues that have arisen in previous studies of syllabic spelling. The authors of some research reports (e.g., Silva & Martins, 2003) have not presented the full lists of words that children were asked to spell, making it impossible to know, for example, how many contain letter names. In other studies, researchers have made decisions about children's stage of literacy development based on their spelling and reading of as few as five or six words (Ettore et al., 2008; Vernon et al., 2004) . Some researchers provide little information about how children are classified as being in the syllabic stage, instead presenting examples of children's spellings (e.g., Pontecorvo & Zucchermaglio, 1988) . Questions arise, however, about the typicality of the examples. When quantitative procedures are used, they differ in many ways from one study to another. For example, Cardoso- Martins et al. (2006) classified children as syllabic spellers if more than half of their spellings had the same number of letters as syllables, Tolchinsky and Teberosky (1998) classified children according to the most frequent type of spelling they produced whether or not it constituted the majority of their spellings, and Silva and Martins (2003) used a more stringent cutoff such that approximately 90% of children's spellings needed to fit the criteria for syllabic spelling for children to be classified as syllabic spellers. To acknowledge the inconsistency that children may show in spelling, as in other areas, and to avoid an arbitrary cutoff, we developed an alternative approach that involved comparing the number of syllabic spellings that children produce with the number that would be expected to occur by chance.
Methodological issues also arise in determining whether a child uses letters that are plausible representations of a word's phonemes. A speaker of Brazilian Portuguese who writes barata 'cockroach' / ba0rata/ as hBABATOi and lobo 'wolf' /0lobu/ as hLOBUi is clearly selecting letters based on the phonemes in the words, but what about the child who writes hTAHAMi for telefone 'telephone' /tele0fõni/ and hLVZAi for pé 'foot' /pe/? Is the child's initial hTi for telefone a lucky guess, or does the child have some beginning ability to use letters to represent phonemes? To address this question, we compared the number of plausible matches that the child produced with the number that would be expected to occur by chance, as was done by Pollo, Kessler, and Treiman (2009) and Kessler, Pollo, Treiman, and Cardoso-Martins (2013) .
Still another methodological issue is whether researchers should focus on the spellings that a child produces or whether a child should be classified as a syllabic speller based in part on the spellings that the child produces and in part on how the child reads the spellings and responds to adults' questions about them. Some studies have used the spellings alone (Cardoso- Martins et al., 2006; Tolchinsky & Teberosky, 1998) , and others have combined information from spelling and reading (e.g., Vernon et al., 2004) . We believe that if a child considers letters to symbolize syllables, this idea should be reflected in the child's spellings. It should not require the intervention of an adult, whose questions could potentially bias the child. Thus, we did not ask children to read their spellings or to answer questions about them.
In the two studies reported here, we used new methodological tools to explore questions about the existence and nature of syllabic spellings. The studies were carried out with Brazilian Portuguesespeaking children because many previous studies of syllabic spelling have been done with Portuguese speakers (Cardoso-Martins et al., 2006; Martins & Silva, 2006a , 2006b ) and because much pedagogical and theoretical importance has been attached to the syllabic stage in Brazil (e.g., Albuquerque et al., 2008; Ettore et al., 2008; Oliveira & Silva, 2011) .
Before presenting our studies, it is important to provide some information about early education in Brazil. Both of our studies were carried out with children in private schools. Children from middle-and upper-class families in Brazil generally attend private schools, whereas children from poor families attend public schools. Although school attendance is not obligatory in Brazil until 6 years of age, children from middle-and upper-class families typically attend preschool for several years before this age. Children in preschool classes designed for 4-and 5-year-olds receive little or no formal literacy instruction. However, children are read to, learn to write their names, and learn about the alphabet. Extensive formal literacy instruction begins at the 6-year-old level.
Study 1
Study 1 was a longitudinal test of a central claim of the constructivist theory of literacy development-the idea that children pass through a syllabic stage. As we have discussed, the few previous longitudinal studies of this claim are limited because they have a small number of participants or a small number of test points (Cardoso-Martins et al., 2006) or because they provide little information on how children were classified as syllabic (Pontecorvo & Zucchermaglio, 1988) . To overcome these problems, we analyzed spellings from 76 Brazilian children that were collected at three points during the 4-yearold preschool year and at three points during the 5-year-old year; the large majority of these children were also tested at the beginning of the 6-year-old year. A recent study reported on the relationships between these children's spellings at the first test point of the 4-year-old year and their spellings in primary school (Kessler et al., 2013) , but it did not address the issue of syllabic spelling. We do so here, presenting analyses of the children's performance on the spelling tests and on several other tests that are relevant to interpretation of the spelling data.
Method Participants
We report data from 76 children who, at the beginning of the study, were in 4-year-old classes in private schools in Belo Horizonte, Minas Gerais, Brazil. Children were tested near the beginning of the first semester of the school year, near the end of the first semester, and toward the end of the second semester. Testing occurred at the same three points when children were in the 5-year-old class. An additional 27 children who began the study were not available for testing at all six of these time points, and their data were not included in the analyses. The final session reported here was near the beginning of the 6-year-old year, and 69 children contributed data at this point. Table 1 provides background information about the children. 
Stimuli and procedure
The task of primary interest here, spelling to dictation, was given at each of the seven time points under consideration. At Time 1 through Time 5, the test consisted of 12 words, and 4 words were added to the end of the list for the Time 6 and Time 7 spelling tests. The words, which are shown in Appendix A, were chosen to vary in the number of syllables that they contained. We selected content words that are familiar to young Brazilian children in oral contexts but that are not overwhelmingly frequent in books designed for children. We avoided words like mamãe 'mom' that young children might have already learned to spell. The words were dictated one at a time. The same order, the order in which the words appear in Appendix A, was used for all participants. Children were asked to try to write each word as best as they could. They were told that it was okay if they made mistakes.
For background information, Table 1 reports children's performance on several other tests that were given repeatedly throughout the study. A reading task included 15 content words that frequently occur in books for Brazilian children, as shown in Appendix A. These words were intermixed with 15 infrequent words at Times 4 to 7, but we report the results on the frequent words that were given at all points. To allay frustration, six readily recognizable logos, such as that of Coca Cola, were included as fillers. At each time point except Time 2, children were given a letter name and letter sound task. In the letter name task, children were asked to provide the names of 23 uppercase letters (K, W, and Y were not included because they are rare in Portuguese). The letters were arranged in a random order on a chart. In the letter sound task, children were asked on each trial to point to the letter that corresponded to a specified sound. This task also included 23 test items. On each trial, children were asked to choose from 6 uppercase letters that were displayed horizontally on a chart. Thus, the proportion of correct responses on the letter sound task would be approximately .17 if children responded randomly.
Scoring
The letters in each production were transcribed. When no letters could be identified, as with the scribbles that some children produced during the early sessions, the production was coded as not containing any recognizable letters. In some cases, particularly during the first few sessions, some letters were difficult to identify. Reliability was adequate, however, in that two judges who independently transcribed 120 of the productions from the first session agreed on their interpretation of 88% of the productions.
Spellings that contained letters were scored as syllabic if the number of letters matched the number of syllables in the spoken word and were scored as not syllabic if this was not the case. For example, one child's hMURLi for the four-syllable word tartaruga 'turtle' /tahta0ruga/ was scored as a syllabic spelling because it contains four letters. This child's hTOMNNVi for the two-syllable word bico 'beak' /0biku/ was not counted as a syllabic spelling. Children used digits in a few instances when spelling, and these were counted as letters for the purpose of identifying spellings as syllabic. Thus, a spelling such as h88i for lobo 'wolf' /0lobu/ was considered syllabic.
Each spelling was also scored as correct or incorrect. In scoring correctness, we ignored diacritics and the distinction between uppercase and lowercase letters. Thus, a spelling that was correct in all respects except that it omitted a required diacritic was counted as correct.
For some of our analyses, we were interested in determining whether a child was a prephonological speller, that is, one who did not use letters that were plausible renditions of the phonemes in the corresponding spoken word to a greater degree than expected by chance. To make this determination, we adopted a technique used by Pollo and colleagues (2009) and Kessler and colleagues (2013) . We scored the spellings produced during each test session for their plausibility, finding the best possible match between the phonemes and the letters. We used the correspondences shown in Appendix B, assigning a score of 0 to spellings in which all phonemes were represented with plausible letters and assigning 1 penalty point to omissions, 1 penalty point to insertions, and 1.4 penalty points for substitutions. Insertions of h were not penalized because this letter is often silent in Portuguese. The penalty value for substitutions was chosen because it approximates the Euclidean distance between the omission of the plausible letter and the insertion of the implausible one. Matches between spellings and pronunciations were required to be in the correct sequence. We randomly rearranged the spellings with respect to the target words and scored again, repeating this procedure 10,000 times. Using this Monte Carlo procedure, we computed the proportion of rearranged spellings p for which the score was at least as good as the original score. To isolate participants for whom there was no convincing evidence that the spellings reflected the phonemes in the words, we required that the p value when the spellings were scored in this way was greater than .20. By using a p value cutoff of .20, we can say that any apparent resemblances between a child's spellings and phonologically plausible spellings were due to chance with a higher degree of confidence than if we had used a cutoff of, for example, .05. A potential problem with the sole use of the whole-word criterion, however, would be that children occasionally produced spellings such as hPNALMNLUOLELAi for pé 'foot' /pe/ where the first letter was a plausible representation of the word's first phoneme but was followed by a long string of letters that did not appear to reflect the sounds in the word. If a child produced a number of such spellings, the p value might exceed .20 even though the child showed some ability to represent at least the first phonemes of spoken words with appropriate letters. To be more confident in our identification of children as prephonological spellers, we reran the analyses of plausibility based on the first phoneme of the target words' pronunciations and the first letter of children's spellings. We considered that a child was a prephonological speller if the p value exceeded .20 both according to this first-letter analysis and according to the whole-word analysis. Previous studies (Kessler et al., 2013; Pollo et al., 2009 ) did not include a first-letter analysis, but children in the current study were older at the later test points than children in the previous studies and the first-letter analysis is helpful in distinguishing children who have some ability to represent at least the first phoneme of words from those who do not. Children who did things such as producing unrecognizable scribbles when asked to write the words were classified as prephonological spellers.
Results Table 1 shows the proportion of spellings at each time point that were correct and syllabic and also the proportion of children at each time point who were classified as prephonological spellers. Our main interest is in syllabic spellings, and we carried out a series of analyses to determine whether children could be identified at particular test points as producing significantly more syllabic spellings than expected by chance. The first set of analyses that we report used data from all test sessions in which children spelled using recognizable letters. A second set of analyses used data just from sessions in which children were classified as prephonological spellers. We also asked whether the prephonological spellers produced longer spellings for words that contained more syllables than for words that contained fewer syllables. A third analysis was carried out with children who progressed from prephonological spellers to rather advanced phonological spellers during the course of the study, asking how many of these children had at least one test point during which they could be identified as syllabic spellers.
Analyses involving all children
Averaging over all children and all sessions, the mean proportion of syllabic spellings was fairly low at .10. However, all but 3 of the children showed at least one syllabic spelling over the course of the study. When children are asked to spell a list of words, and especially when they are asked to do this on a number of occasions, we would expect to see some cases in which the number of letters in the spelling matched the syllables in the word purely by chance. To determine whether the number of syllabic spellings at each test point for each child was greater than expected by chance, we randomly matched the child's spellings to the target words and rescored the spellings as if they had been attempts to spell those words. For example, one random rearrangement for the child mentioned above might treat hMURLi as if it had been an attempt to spell bico 'beak' /0biku/ rather than the actual tartaruga 'turtle' /tahta0ruga/ and might treat hTOMNNVi as if it had been an attempt to spell tartaruga 'turtle' rather than the actual bico 'beak'. Using a computer program, we performed this rearranged scoring 10,000 times. We calculated the proportion of rearrangements p in which the number of syllabic spellings was lower than in the original arrangement. If p is small, this means that chance rearrangements rarely produce as many syllabic spellings as the child did. Such an outcome encourages us to accept the hypothesis that the child was a syllabic speller. If p is large, this means that many of the chance rearrangements yield as many or more syllabic spellings as the child. This outcome suggests that the child was not a syllabic speller.
Because each child was tested multiple times, normally seven times, it would be inappropriate to use a p value of .05 or less for any one test to conclude that the child was a syllabic speller on some test. We used the false discovery rate procedure (Benjamini & Hochberg, 1995) to control for the use of multiple tests per child. This procedure is designed to control for the fact that, given a series of tests where the null hypothesis could be rejected, some of the statistically significant findings could have occurred by chance. We applied the false discovery rate procedure across all of the tests for each child, eliminating any tests on which a child did not produce at least eight scorable spellings (e.g., if the child declined to write some words or produced unrecognizable scribbles). Correcting in this way for the fact that each child had multiple tests, we found that 12 of the 76 children produced significantly more syllabic spellings than expected by chance at the p < .05 level at some time point during the study. In all cases, this occurred at only one time point.
To confidently identify a specific child as a syllabic speller, it is necessary to adjust the p value to control for the fact that we are performing a test 76 times, that is, once for each child in the study. We did so by running the false discovery rate procedure again across participants. This correction reduced the number of children who showed significant evidence of syllabic spelling at some point to 7, which is 9% of the total group of 76 children. That is, 7 specific children could be identified as showing syllabic spelling at some point during the study.
The 7 cases in which syllabic spelling could be confidently identified occurred near the end of the 4-year-old year (2 children), during the 5-year-old year (1 child at the beginning, 2 children in the middle, and 1 child at the end), and at the beginning of the 6-year-old year (1 child). At the point that syllabic spelling occurred, the children could read few of the frequent words on the reading task, showing a mean proportion correct of .10. The mean proportion of correct responses on the letter name task at these times was a high .93. The mean proportion of correct responses on the letter sound task was .66, well above the level of .17 that would be expected by random guessing. Although none of the children produced any correct spellings of words in any of the sessions in which syllabic spelling was identified, the children did not fit the criteria for prephonological spelling. Using the whole-word scoring, the mean proportion of improvement over the score expected on the basis of random rearrangements of children's spellings and the target words was a reasonably high .29 (range = .10-.39). That is, children who could be confidently identified as syllabic spellers appeared to be syllabic spellers with phonetization rather than syllabic spellers without phonetization. This outcome suggests that spellings with the same number of letters as syllables arise when children attempt to represent the phonemes in words but do not succeed in representing all of the phonemes.
Analyses involving only prephonological spellers
The results presented so far suggest that a minority of children, at some point between approximately 4 and 6 years of age, produce significantly more spellings in which the number of letters matches the number of syllables than expected by chance. The results further suggest that such spellings occur among children who represent some of the phonemes in words in a plausible manner and not among prephonological spellers. As a further test of whether any prephonological spellers could be identified as using the same number of letters as syllables to a greater degree than expected by chance, we ran another analysis that was restricted to the time points at which children were classified as prephonological spellers. Because this analysis does not include all children or all sessions, there is a smaller correction for multiple tests and so more chance of identifying a child as a syllabic speller. Even according to this more lenient test, no prephonological speller could be identified as producing significantly more syllabic spellings than expected by chance. That is, there were no sessions in which a child could be confidently classified as a syllabic speller without phonetization.
Although we could identify no prephonological speller who produced more spellings in which the number of letters matched the number of syllables in the corresponding spoken words than would be expected by chance, it is possible that prephonological children produced longer spellings for words with more syllables than for words with fewer syllables. However, we did not observe such a trend. The mean spelling lengths were 5.3 letters for one-syllable words, 5.2 for two-syllable words, 5.1 for three-syllable words, and 4.8 for four-syllable words. The results go in the opposite direction of what the weak version of the syllabic hypothesis predicts, although the counter-hypothesis-that children produce fewer symbols for words with more syllables-was not quite significant according to a mixed-model analysis (Bates, Maechler, & Bolker, 2011 ) using participants and items as random factors and a syllable count as a fixed factor and using a log transform of spelling length because the untransformed distribution was positively skewed (b = À.032, SE = .014, p = .051). Note that for this and the other mixed-model analyses that we report that have a continuous outcome variable, we used the languageR package (Baayen, 2011) to estimate p values using Markov chain Monte Carlo sampling.
Analyses involving children who progressed from prephonological spellings to highly phonological spellings
The final analysis was carried out with the 27 children who did not represent phonemes in their spelling at an above-chance level at Time 1 and who, at their final test, showed a mean distance score of less than 1.0 between their spellings and the correct spellings according to the whole-word criterion. Recall that our metric gave 1 penalty point to deletions and additions and 1.4 penalty points to insertions. Thus, an average distance score of less than 1.0 indicates spellings that are rather complete renditions of target words. For example, 1 child went from hBEHi for cavalo 'horse' /ka0valu/ and hEPEi for chá 'tea' /Sa/ at Time 1 to hCAVALOi and hXAi, respectively, at Time 7. Analyses that are restricted to this group of children arguably provide the best test of the idea that children pass through a syllabic stage during the development of spelling. Such analyses help to counter the potential objection that we did not begin the testing at an early enough point in children's development or that we stopped before children had reached the syllabic stage. Of the 27 children, 2 (7%) could be confidently identified according to the procedures described earlier as showing significant evidence of syllabic spelling during the course of the study.
Discussion
The idea that children pass through a syllabic stage during the development of literacy is a centerpiece of the constructivist theory of literacy development and plays a central role in current research and pedagogy in many countries that use Romance languages (e.g., Castedo & Torres, 2011; Ferreiro, 2009) . One longitudinal study of Italian children supported this idea (Pontecorvo & Zucchermaglio, 1988) . That study was methodologically weak, however, in that it presented data from only 17 children and provided little information about how spellings were classified as syllabic. Two other studies found that many Brazilian children from public and private schools did not pass through a syllabic stage (Cardoso- Martins et al., 2006) , but these studies had either a small number of children or a small number of test points. We corrected these problems in the current study. Our results suggest that a syllabic stage of spelling development is not obligatory. During the course of their early spelling development, less than 10% of the Brazilian children in Study 1 could be confidently identified as syllabic spellers at some time point. With regard to our first research question-do most children pass through a stage during which they consistently produce spellings with the same number of letters as syllables in the corresponding spoken words?-the answer in Study 1 is no.
Spellings of words in which the number of letters matches the number of syllables did occur in our study, as in previous studies. Indeed, some children at some time points produced many spellings of this sort. Our next research question was about why children sometimes write this way. Some spellings with the same number of letters as syllables, such as hTEOEi for telefone 'telephone' /tele0fõni/, may arise when children attempt to represent a word's phonemes. In this case, the child represented some of the phonemes in /tele0fõni/ but not all of them. Better evidence for the theory that children attempt to represent syllables would come from spellings in which the number of letters matches the number of syllables but the letters are not phonetically motivated. Some researchers have reported identifying many children who consistently produce syllabic spellings without phonetization (e.g., see Martins & Silva, 2001 , for Portuguese speakers; Vernon et al., 2004 , for Spanish speakers). However, we did not find a single child who consistently produced spellings of this sort. Although we found a number of spellings that did not appear to reflect the sounds in words but had the same number of letters as syllables, including hSRBAi for telefone 'telephone', no prephonological speller could be confidently identified as producing more such spellings than expected by chance. In fact, the prephonological spellers did not even show a tendency to use more letters to spell words with more syllables than to spell words with fewer syllables. The results suggest that spellings in which the number of letters matches the number of syllables reflect children's beginning attempts to represent phonemes, not their attempts to represent syllables.
One potential objection to our study, as well as to the studies reported by Cardoso- Martins et al. (2006) , stems from the idea mentioned earlier that children follow a minimum quantity principle in their spelling (e.g., Vernon, 1993) . According to this view, children should produce syllabic spellings primarily for words of three or more syllables, where there is no conflict between minimum quantity and syllabic spelling. Approximately 40% of the words used in Study 1 were mono-or bisyllabic, and we might have seen more syllabic spellings if such words had not been included in the study. This potential objection is substantially weakened by the fact that we found little evidence for the minimum quantity hypothesis in Study 1. At those time points where children were classified as not representing phonemes in a plausible manner, 19% of their spellings were either one or two letters long. This figure, which is close to the value of 22% reported by Pollo and colleagues (2009) for a similar group of children, suggests that children do not avoid short spellings nearly as often as the minimum quantity hypothesis suggests. Even though the current findings and those of Pollo and colleagues (2009) do not support the idea that children follow a minimum quantity principle in their spelling, we used only three-and four-syllable words in Study 2 to avoid this possible objection.
Study 2
Study 2 focused on the third research question that we raised in the Introduction-the role of children's knowledge about letter names in the production of spellings that contain the same number of letters as syllables. In Portuguese, as mentioned earlier, many words have one vowel letter name in each syllable (Pollo et al., 2005) . Examples include amarelo 'yellow' /ama0relu/ (/a/ is the name of a, /e/ is the name of e, and /u/ is the name of u in the dialect of the children in the current study) and cigarro 'cigarette' /si0gahu/ (which contains the names of i, a, and u). Children who write one letter for each vowel letter name that they hear in a word will produce spellings that have the same number of letters as syllables for these words, and their spellings of such words will contain all vowel letters. Children who use this letter name strategy will produce few spellings that have the same number of letters as syllables for words such as professora 'teacher' /profe0sora/, which contains fewer letter names than syllables. (The letters o and e have the names /O/ and /e/ rather than /o/ and /e/ in the region of Brazil where we tested.) We could not test these ideas in Study 1 because that study did not include words with the same number of letter names as syllables or words with fewer letter names than syllables that were similar in other respects. For Study 2, we selected three-and four-syllable words in which all of the vowel phonemes are the names of letters in the children's dialect. For example, all the vowels in primavera 'spring' /prima0vera/ are letter names. We also selected three-and foursyllable words in which only the last vowel phoneme is a letter name, such as professora 'teacher' /profe0sora/. Few common three-and four-syllable words in Brazilian Portuguese have no vowels that are letter names, and so we could not include words of this type. If spellings that have the same number of letters as syllables arise primarily when children transcribe the vowel letter names that they hear in words, we should find many spellings with the same number of letters as syllables for words such as primavera 'spring' /prima0vera/, in which all vowels are letter names, and few spellings with the same number of letters as syllables for words such as professora 'teacher' /profe0sora/, in which only the last vowel is a letter name.
Method Participants
Participants attended private preschools in the same Brazilian city as Study 1 and were tested during the first semester of the school year. A total of 68 participants, 29 children from classes for 4-yearolds and 39 children from classes for 5-year-olds, completed the study. Table 2 provides background information about the children.
Stimuli and procedure
The 16 three-and four-syllable words shown in Appendix A were used for the spelling task. For half of the words of each length, all of the vowel phonemes were the names of letters. For the others, only the final vowel phoneme was the name of a letter. None of the words contained the entire name of a consonant letter. The words were chosen such that it would be possible to portray them in a picture and they would be familiar to young children in oral contexts.
Children spelled words in response to a picture so as to avoid the possibility that they would be biased by an adult's pronunciation of the words. Thus, the first session of the study was a picture recognition task that familiarized children with the pictures that would be used in the spelling task and their intended labels. Children participated in the first session in groups of three. The experimenter asked children whether they recognized each picture. If none of the children produced the intended name, the experimenter asked questions that led to it. For a picture that was intended to be labeled as a teacher, for example, the experimenter asked what the woman in the picture was doing and what her job might be. The experimenter said the name of the picture only if the children did not produce the intended name. The experimenter then asked one more question about the picture before presenting the next picture.
The spelling task was administered to children individually. Half of the spelling items were given during the second session of the study, and the other half were given during a third session. The order of the words was randomly chosen for each child. For each item, the child was asked to name the picture and then write the word. If the child did not use the intended label, the experimenter encouraged the child to provide a different label, using questions similar to those used in the picture recognition task of the first session to lead to the intended label. On 84% of the trials, children provided the intended label. In the other cases, as when a child started becoming frustrated, the experimenter said the word. After the child wrote each word, the researcher asked which letter the child intended for every letter that was not clearly written. This was accepted as the child's spelling even in the few cases where it appeared to deviate from the forms the child produced.
A 23-item letter name task like that in Study 1 was given after the spelling task in the second session. After the spelling task in the third session, children were asked to read 22 content and function words that are common in books for Brazilian children. The words, which are shown in Appendix A, were written in uppercase letters. Pictures were also presented to make the task less frustrating for children who could not read.
Scoring
The spellings were transcribed and scored as syllabic or not syllabic and as correct or not correct following the same procedures as in Study 1. The procedures for classifying children as prephonological spellers were also the same as in Study 1.
Results
Of the 68 children, 44 produced at least one syllabic spelling. The mean proportion of syllabic spellings, averaging over the 4-and 5-year-old groups, was .15. Using the same procedures described in Table 2 Participant characteristics and performance on background measures and spelling measures in Study 2.
4-year-old class (n = 29) a 5-year-old class (n = 39) b Mean age (SD) 4;3 (0;3) 5;3 (0;3) Mean proportion correct on reading task (SD) .00 (.00) .14 (.28) Mean proportion correct on letter name task (SD) .68 (.25) .93 (.14) Mean proportion correct spellings (SD) .00 (.00) .09 (.20) Mean proportion syllabic spellings (SD) . Study 1 to test whether each child produced significantly more syllabic spellings than expected by chance, we found no child who could be confidently identified as a syllabic speller. When we reran the analyses over just those children who were classified as prephonological spellers, we did not identify any prephonological speller who produced significantly more syllabic spellings than expected by chance. The prephonological spellers' productions of three-and four-syllable words averaged 3.04 and 2.95 symbols, respectively. A mixed-model analysis on spelling length (log transformed) using the random factors of participants and items and the fixed factor of syllable count showed no significant effect of syllable count (b = À.028, SE = .045, p = .55).
To test the hypothesis that children produce some spellings in which the number of letters matches the number of syllables for words in which all of the vowel phonemes are letter names but produce few such spellings for words in which only one vowel is a letter name, we carried out a mixed-model analysis on syllabic spellings using participants and items as random factors and syllable count (three vs. four) and letter name status (all-letter names vs. one-letter names) as fixed factors. The data from the 17 prephonological spellers were omitted from this analysis because these children should not be influenced by letter names. Despite the reduced sample size, we found a significant effect of syllable count such that syllabic spellings were more common for four-syllable words than for three-syllable words (.19 vs. .13, b = .56, SE = .22, p = .01). Of primary interest, the proportion of syllabic spellings was not influenced by letter name status (b = .002, SE = .22, p = .99). The proportion of syllabic spellings was the same, at .16, for both the all-letter-name items and the one-letter-name items. The lack of influence of number of vowel letter names on the proportion of syllabic spellings is of particular interest given that these children had a mean proportion correct of .96 on vowel letters in the letter name task. The proportion of syllabic spellings remained very similar for all-letter-name items and one-letter-name items when we eliminated from the analyses the data from those 7 children who did not provide the correct names for all of the vowel letters.
Although the number of letters in the children's spellings was no more likely to match the number of syllables in the target word when all of the vowels in the target word were letter names than when only one vowel was a letter name, children's spellings of the two types of words did differ in the proportion of vowel letters they contained. Using the same group of children as in the preceding analysis, the proportion of letters in children's spellings that were a, e, i, o, or u was .49 for the words in which all vowel phonemes were letter names as compared with .44 for the words in which only the last vowel phoneme was a letter name. A mixed-model analysis of the number of vowel letters in children's spellings using the factors of syllable count and letter name status showed a significant effect of letter name status (b = .26, SE = .10, p = .02), with more vowels for all-letter-name words. Another mixed model analysis found that letter name status was not a significant predictor of the length of these children's spellings (b = .07, SE = .12, p = .61). Although children used a significantly higher proportion of vowels for all-letter-name words such as martelo 'hammer' /mah0telu/ than for one-letter-name words such as morango 'strawberry' /mo0rãgu/, the proportion of spellings of all-letter name words that consisted only of vowels, with no consonants at all, was a relatively low .12.
Discussion
As in Study 1, we did not identify any children who produced spellings that did not represent the phonemes in the target words but who used, more often than expected by chance, as many letters as the words had syllables. That is, no children fell into the category of syllabic spellers without phonetization. Further speaking against the idea that prephonological spellers use letters to stand for syllables, these children did not use more letters to spell four-syllable words than to spell three-syllable words.
In Study 1, a small proportion of the children were classified as syllabic spellers with phonetization, but never on more than one of their multiple test sessions. According to constructivist researchers (e.g., Ferreiro & Teberosky, 1982; Vernon, 1993) , we should have found more syllabic spellers when using a list of three-and four-syllable words than when using a list that also contained one-and two-syllable words, as we did in Study 1. However, we did not find any children in Study 2 who could be confidently classified as syllabic spellers with phonetization.
If spellings in which the number of letters matches the number of syllables arise when children transcribe the letter names that they hear, we should have found more such spellings for words in which all of the vowel phonemes were the name of a letter than for words in which only one of the vowel phonemes was the name of a letter. However, the proportion of spellings that had the same number of letters as syllables was virtually identical for the two types of words. We found a similar result when we reanalyzed the spelling data that Pollo and colleagues (2005) collected from 49 Brazilian children in a 5-year-old class. In that study as well, the proportion of two-letter spellings was virtually identical for two-syllable words in which both vowel phonemes were letter names and for words in which only the last vowel phoneme was a letter name, being .10 in both cases. Children in both the current study and that of Pollo and colleagues (2005) did appear to use their knowledge of vowel letter names in spelling in that they used a significantly higher proportion of vowel letters when all of the vowel phonemes in a word were the name of a letter than when this was not the case. Pollo and colleagues found this result for two-syllable words, and we extended it here to three-and four-syllable words. Although the difference in proportion of vowel letters was small, it appears in two different studies. Of primary importance here, however, is the finding that spellings with the same number of letters as syllables were not significantly more common for words in which all vowels were letter names than for words in which this was not the case. That is, we find little evidence for syllabic spellings even for words that have been thought to favor their use-words such as primavera 'spring' / prima0vera/ in which all vowel phonemes are the names of letters.
General discussion
Children's early attempts to write words are a foundation stone for later literacy development, and invented spellings provide a window into children's ideas about how writing represents language (e.g., Read, 1975; Sénéchal et al., 2012) . According to some researchers and educators, these early spellings reveal that children who are exposed to alphabetic writing systems go through a period during which they believe that letters stand for syllables (e.g., Ferreiro, 2009) . In this view, children must abandon this syllabic hypothesis before they can spell and read alphabetically. The theory that children pass through a syllabic stage during the development of literacy is very influential in teaching and research in many countries that use Romance languages (e.g., Castedo & Torres, 2011; Martins & Silva, 2006a , 2006b , in part because the theory has the potential to help explain why some children have difficulty in grasping the alphabetic principle and what can be done to help them.
The current study addressed several questions about the existence and nature of the postulated syllabic stage. Our first question was whether children generally go through a period during which they spell words with the same number of letters as syllables to a greater degree than would be expected by chance. Longitudinal studies are well-suited for addressing this question. However, the few previous longitudinal studies in this area had small numbers of participants, small numbers of testing sessions, and/or methodological weaknesses (Cardoso-Martins et al., 2006; Pontecorvo & Zucchermaglio, 1988) . We attempted to correct for these problems in Study 1, which examined 76 Brazilian children from private schools over a 2-year period. During this time, a number of the children progressed from spellings of words that did not represent phonemes to spellings that symbolized all or nearly all of the phonemes with phonetically appropriate letters. We observed many spellings like those cited by advocates of the syllabic hypothesis, including the four-letter hMURLi for the four-syllable word tartaruga 'turtle' /tahta0ruga/ and the three-letter hAAOi for the three-syllable word cavalo 'horse' /ka0valu/. However, fewer than 10% of the children could be confidently identified as syllabic spellers at some test point. The results of Study 1, together with those of Cardoso- Martins et al., 2006 , suggest that few Brazilian children from either public or private schools go through a period during which they consistently write syllabically. The low proportion of children who were classified as syllabic spellers in one of the sessions of Study 1 does not appear to reflect the fact that this study included some mono-and bisyllabic words because we did not find evidence of syllabic spelling in Study 2, which included only longer words. That is, we found little evidence of syllabic spelling even under circumstances that have been thought to encourage it. Ferreiro (1985) discussed syllabic spelling as occurring when a child counts the number of syllables in a word and then writes as many letters as syllables. Thus, our analyses, and those of many other researchers, focused on spellings that contain the same number of letters as syllables. According to a weaker version of the syllabic hypothesis, children sometimes misidentify the number of syllables in a spoken word or do not make the number of letters that they use match exactly to it. On this more lenient view, children should use more letters to spell words that contain more syllables than to spell words that contain fewer syllables. We did not find evidence for such a pattern among the prephonological spellers of either Study 1 or Study 2, and Cardoso- Martins et al., 2006 and colleagues (2009) did not find this pattern either. Thus, our results speak against both strong and weak forms of the syllabic hypothesis for learners of Brazilian Portuguese.
The first reports of syllabic spelling came from learners of Spanish (Ferreiro & Teberosky, 1982) . It has been suggested that certain linguistic features of Spanish, including the relatively large number of words containing more than one syllable and the fact that vowels are not subject to reduction to schwa, promote syllabic spelling in this language (Kamii et al., 1990; Vernon, 1993) . Brazilian Portuguese shares these characteristics. However, other features of the Spanish language, including the fact that it has fewer vowel phonemes than Portuguese, might promote syllabic spelling. Educational practices in Spanish-speaking countries might also be important. It would be valuable to carry out studies like the current one in Spanish to determine whether the results for Spanish in fact differ from those for Brazilian Portuguese.
Another potential reason why we may have found little evidence for syllabic spelling in our experiments, in addition to the language that we studied, is that we limited our analyses of syllabic spelling to children who wrote using letters or digits. Ferreiro and Teberosky (1982) suggested that some children who produce graphic forms that do not resemble conventional letters produce one such form for each syllable in a spoken word. Further research will be needed to determine whether, in such children, productions that contain the same number of visual units as syllables occur significantly more often than expected by chance. Although it could be challenging to reliably determine the number of visual units in such children's productions, the results could shed light on whether a syllabic hypothesis is widespread among children who are even less knowledgeable about writing than the children whose productions we analyzed here.
Some of the children in our Study 1, albeit a small minority, did produce significantly more spellings with the same number of letters as syllables than would be expected by chance at one of their test points. Our second research question was whether, as advocates of the syllabic hypothesis (e.g., Ferreiro, 2009) argue, children spell words in this way because they hypothesize that the letters in written words stand for syllables in spoken words. An alternative explanation is that children produce spellings such as hCAUi and hAAOi for cavalo 'horse' /ka0valu/ because they think that letters stand for phonemes but have difficulty in isolating and representing all of the phonemes in a word. Better evidence for the idea that children hypothesize that letters stand for syllables would be spellings such as hDREi for cavalo that contain the same number of letters as syllables but in which the letters are not plausible representations of the phonemes. Across our two studies, we could not confidently identify a single child who produced more syllabic spellings without phonetization than would be expected by chance. We also failed to identify any syllabic spellers without phonetization when we used the procedures employed in the current study to reanalyze the data from a previous study with 124 participants, Study 2 of Cardoso- Martins et al., 2006 . This outcome suggests that children who produce spellings in which the number of letters matches the number of phonemes take letters to represent phonemes but can represent only approximately half of the phonemes in words. Supporting this interpretation, much evidence shows that learners of Portuguese, English, and other languages produce spellings that represent some of the phonemes in a word, sometimes called partial alphabetic spellings, before they produce spellings that represent all of the phonemes (e.g., Cardoso- Martins et al., 2006; Ehri, 1997) .
Our third research question was whether most spellings with the same number of letters as syllables are like hAEUi for martelo 'hammer' /mah0telu/-spellings that arise when children write each letter name that they hear. Although we found some spellings of this sort, we also found spellings such as hMARi and hMEUi. Children did not produce significantly more spellings in which the number of letters matched the number of syllables for words in which all vowels were letter names, such as martelo 'hammer' /mah0telu/, than for words in which only the last vowel was a letter name, such as morango 'strawberry' /mo0rãgu/. This result, which also appeared in our reanalyses of the data from Pollo and colleagues (2005) , speaks against the idea that spellings with the same number of letters as syllables are purely a side effect of exact matches to vowel letter names. Further research would be needed to examine the role of consonant letter name use in the production of spellings with the same number of letters as syllables, but Portuguese words contain many fewer consonant letter names than vowel letter names (Pollo et al., 2005) .
Overall, our results suggest that most children learning to spell in Portuguese do not go through a period during which they produce many spellings of words that contain the same number of letters as syllables. When children do produce some spellings of this type, they appear to do so because they are trying to spell words at the level of phonemes but are unable to do so fully. Children do not produce spellings with the same number of letters as syllables because they write down all of the vowel letter names they hear in words, and they do not produce these spellings because they believe that writing represents the level of syllables.
Researchers such as Vernon (1993) , who support the idea that learners of Romance languages go through a stage during which they take writing to represent the level of syllables, have suggested that the apparent lack of support for the syllabic hypothesis in some studies of English-speaking children (Kamii et al., 1990) reflects specific characteristics of the English language such as the frequent reduction of vowels. Our results suggest that no such explanations are needed. Literacy learning is more similar cross-linguistically, in this respect, than constructivist researchers believe.
Whereas our findings speak against a constructivist view of literacy development, they support a statistical learning view. Children in literate societies, who are surrounded by writing from an early age, learn about some of its salient properties from exposure as well as from formal teaching (Deacon, Conrad, & Pacton, 2008; Pollo et al., 2009; Sandra, 2011) . Children do not adhere strongly to hypotheses that are drastically inconsistent with the input they receive such as the hypothesis that all foursyllable words should be written with four letters.
Although our conclusions regarding the syllabic stage are similar in many ways to those of Cardoso- Martins et al. (2006) , they differ from those of a number of other studies with learners of Portuguese and other Romance languages (e.g., Martins & Silva, 2006a , 2006b Vernon et al., 2004; Yaden & Tardibuono, 2004) . Many of these differences, we believe, reflect the power of anecdotes. Children sometimes produce spellings such as hUEULi for primavera 'spring' /prima0vera/, which fit the description of syllabic spellings without phonetization, and hAEUi for martelo 'hammer' /mah0telu/, in which all vowels are spelled with letter names. We saw such spellings in the current study, and others have seen them too. Research shows, however, that presentation of concrete and vivid examples can lead people to think that the examples are typical (Borgida & Nisbett, 1977; Hamill, Wilson, & Nisbett, 1980) . The statistical tests that we applied here show that syllabic spellings without phonetization and spellings in which all vowels are written with letter names are not very typical.
Our findings underline the need for methodological and statistical care in the study of children's spelling. The idea that learners of Romance languages generally go through a period during which they take writing to represent the level of syllables-an idea that has been highly influential in many countries for theories of literacy development, teaching, and testing (e.g., Castedo & Torres, 2011; Ferreiro, 2009 )-appears to lack a solid empirical foundation.
Spelling task, Study 1
